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Abstract— Proportional Integral Derivative (PID) control is 
a control system commonly used by industry. Approximately 
90% of industrial equipment uses a PID controller because it is 
easy to use. In the Indonesian Fire Extinguisher Robot Contest 
(IFERC), the contested robots must follow the contours of the 
walls of the arena. A Fire extinguisher robot navigation was 
chosen because the race arena of the competition consisted of 
walls with different aisles and rooms. The navigation robots 
used PID control. This study designed and implemented a 
control algorithm for legged fire extinguishing robots using the 
PID method, where the PID control was processed in a 
microcontroller. The angles for each servo motor generated by 
the calculation of the PID enable the robot to navigate by taking 
decisions to move quickly or slowly, turn right, turn left and 
stop. The robot's proximity sensor data and fire sensors enable 
the fire to be extinguished. The result showed that the robot can 
carry out its duties optimally. 
Keywords— Microcontroller, PID control, Proximity sensor, 
robot navigation system 
I. INTRODUCTION 
Human activities relating to technology have been 
increasing rapidly in the modern era. To support the 
increasingly high needs of life, people surely will work very 
hard. Therefore, they have created a robot to help and replace 
human performance to facilitate their works.  
A robot is a combination of mechanical, electronic and 
computer science. Robot construction, in general, has an 
actuator in the form of a wheel or leg to move the entire robot 
body, so that the robot can move position from one point to 
another. 
To bridge the development of robot technology and 
student creativity containers, the Indonesian Directorate-
General for Higher Education has been holding several robot 
contests. One of them is the annual Indonesian Robot Contest 
(KRI) consisting of four categories, namely The Indonesian 
Robot Contest (KRI), the RoboSoccer Humanoid League 
Contest, the Indonesian Art Robot Contest (KRSI) and the 
Indonesian Fire Extinguisher Robot Contest (KRPAI).  
In this research, the method applied was by combing the 
walls in the arena using the SRF-05 ultrasonic sensor to detect 
distances. It needs a control system to overcome the problems 
in the movement.  
Some researchers have conducted research on robot 
navigation. Crepon, Panchea, and Chapoutot implemented 
reliable navigation planning on two-wheeled mobile robots 
[1]. The navigation system used the Rapidly-exploring 
Random Tree (RRT) algorithm. Han studied sensor-based 
cellular robot navigation through strengthening learning [2]. 
The navigation system used a deep learning algorithm. 
Morad, Kalita, and Thangavelautham investigated planning 
and navigation of climbing robots in low gravity 
environments was, [3]. The navigation system used 
A*algorithm. Mikhaylov and Lositskii examined forest 
robots’ control and navigation [4] The navigation system 
used a neural network algorithm. 
Adamov investigated the effect of the Mecanum wheel 
construction on the accuracy of omnidirectional platform 
navigation (for example the KUKA youBot robot) [5]. The 
navigation system used Odometric navigation. Baslan studied 
the navigation, guidance, and control of free-flying robots 
during their encounters with passive space vehicles [6]. The 
navigation system used the Nearness Diagrams algorithm. 
Kumar Vamossy investigated laser scan matching in robot 
navigation [7]. The navigation system used a neural network 
algorithm. Socially Conscious Robot Navigation Using 
Remote Strengthening Learning was investigated by Xuan 
Tung and Dung Ngo [8]. The navigation system used the 
Deep Reinforcement Learning algorithm. 
Research on autonomous navigation of mobile robots 
based on multi-fusion ultrasonic sensors was conducted by 
Wang [9]. The navigation system used ultrasonic sensors to 
detect objects. Bobkov studied autonomous underwater robot 
image-based navigation and reconstruction of the 3D 
environment [10]. The navigation system used the camera to 
detect obstacles in front of it. Research on the intelligent 
fuzzy controller for human-conscious robot navigation was 
conducted by Obo and Yasuda [11], while on geometrical 
optical analysis of the augmented reality augmented 
projection system for robot navigation was conducted by 
Tsujimura, Aoki, and Izumi [12]. An intelligent fuzzy 
controller and geometrical optics algorithms were used for 
robot navigation respectively. 
ByungSoo Ko investigated neural network-based 
autonomous navigation for homecare mobile robots [13]. The 
navigation system used a neural network algorithm. Adib and 
Masoumi investigated cellular robots’ navigation in unknown 
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environments using fuzzy logic and learning automata [14]. 
The navigation system used a fuzzy algorithm and automata. 
Savkin and Wang studied a method for collision-free 
navigation of non-holonomic 3D robots in unknown 
environments such as tunnels [15]. The 3D navigation 
algorithm was used for robot navigation. Guo designed a 
robotic localization and multi-vision navigation system 
service [16]. The system used the SLAM visual algorithm. 
Guoqing and Tao examined a bio-inspired autonomous 
navigation system for logistical mobile robots with inertial 
AHRS [17]. The navigation system used a navigation control 
algorithm namely attitude and heading reference systems 
(AHRS). Aissa, Fatima, and Yassine examined data fusion 
strategies for navigating cellular robots in unknown 
environments using fuzzy logic controls, [18]. The navigation 
system used a fuzzy algorithm. Li and Savkin investigated 
navigation algorithms for non-holonomic cellular robots that 
are navigated by sensor networks in a messy and dynamic 
environment [19]. A discrete-time navigation algorithm was 
used to avoid obstacles. Research on the Rear Navigation 
Navigation Projection Method Based on the Bi-plane 
Calibration Method was conducted by Shiyi [20]. The bi-
planning algorithm was used to avoid obstacles and get to the 
destination. 
The KRPAI Robot Legged Division Navigation System 
was designed in this study using a PID Controller. The design 
of this PID controller used hand-tuning to determine the size 
of KP, Ki, and Kd. The control was performed by 
determining the set-point value in the form of the desired 
distance to the wall. Furthermore, the distance data were 
processed using a controller that produces a signal to control 
the robot's movement so that it could determine the robot's 
distance to the wall. Then the output went through a feedback 
process where the error was indicated by the difference 
between the input and the output response. After that, the 
parameters of the PID controller were determined so that the 
close loop system met the desired performance criteria. 
II. METHOD 
A. Hardware Design 
The first step of the hardware design was to create or 
design a model for the movement of a legged fire extinguisher 
robot using the Proportional Integral Derivative (PID) 
method [21]–[24].The movement system of the legged fire 
extinguisher robot using the method (PID) to be used. 
 
Fig. 1. PID system block diagram 
The ultrasonic sensor was the main sensor used in this 
study. The sensor was a proximity sensor to keep the distance 
between the robot body and the wall/obstruction not to crash 
[25]–[29]. The results of the sensor readings were sent to the 
STM32 microcontroller [30]. The microcontroller processed 
the results from the proximity sensor and sent them to the 
LCD in the form of text. The servo was the actuator used to 
move the robot from one point to another. 
B. Firmware Design 
The PID controller aimed to adjust the robot servo 
degrees when walking along the walls of the race arena. The 
determination of the results of the PID controller parameters 
was obtained by using the hand-tuning method. The results 
obtained from the PID controller values were Kp, Ki, and Kd. 
The system block diagram and the PID system block 
diagram was made into a single unit in a flowchart to make it 
easy to analyze the workings of the entire system on this tool. 
The following is a description of the flow chart. 
 
Fig. 2. System workflow 
The robot motion process using the PID method began 
when the device was on. An ultrasonic sensor is a device that 
measures the distance between the body of a robot and the 
wall. When the start button was pressed, the sensor started to 
read the distance to the object. The input from the proximity 
sensor reading was sent to the STM32 microcontroller. After 
that, the results of the PID obtained by reading the proximity 
sensor were calculated and transformed into degrees sent to 
the servo. 
If the proximity sensor is less than the set-point value, the 
robot will turn, but if the distance sensor value exceeds the 
set-point value, the robot will move forward. If the reading of 
the side distance sensor exceeds the set-point value, the robot 
will move away from the object and vice versa. If the side 
distance sensor reading is less than the set-point value, the 
robot will approach the object to keep the distance so that the 
robot remains within the set-point range. 
C. Mechanical Design 
The layout of the robot body clarified the positioning of 
sensors and the location of other components. The next step 
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was the positioning of the proximity sensor and the front leg 
robot. 
 
Fig. 3. Visualization of the front robot 
Figure 3 shows that the SRF-05 proximity sensor is the 
main navigation sensor for this legged fire extinguisher robot 
to maintain the distance between the robot and the wall. The 
robot is called a quadruped robot with 2 front legs and 2 rear 
legs. 
Five SRF-05 ultrasonic proximity sensors were used to 
keep the robot away from the wall. The LCD was used to 
display information from the sensors and there were several 
buttons to set the desired PID values. And they were all 
managed together using an STM32 microcontroller. 
D. PID Design and Configuration 
The design of the PID method used was the ultrasonic 
sensor distance value and the setpoint value in the PID control 
tuning process. 
Making this PID controller program is based on the digital 
PID controller equation. A digital PID controller is another 
form of PID controller that is programmed and run using a 
computer or microcontroller. Error and last_error that will be 
used in the PID controller action calculation. Every time a 
program is looped, the error will be updated with data taken 
from the sensor, and previously it will be saved in last_error. 
The output of the PID controller program calculation is the 
angle value to drive each servo motor. 
Equations (1) through (4) can be shown from the values 
of the variables as follow, 
𝑢(𝑡) = 𝐾𝑃𝑒(𝑘) + 𝐾𝑖𝑇 ∑ 𝑒(𝑘) +
1
𝑇
𝐾𝑑(𝑒𝑘 − 𝑒𝑘−1)
𝑘
0       (3) 
𝑭𝒓𝒐𝒏𝒕 𝒂𝒏𝒅 𝒓𝒊𝒈𝒉𝒕 𝒃𝒂𝒄𝒌 𝒔𝒆𝒓𝒗𝒐𝒔 =  𝒄𝒆𝒏𝒕𝒓𝒆 𝒂𝒏𝒈𝒍𝒆 +  𝑷𝑰𝑫     (4) 
𝑭𝒓𝒐𝒏𝒕 𝒂𝒏𝒅 𝒍𝒆𝒇𝒕 𝒃𝒂𝒄𝒌 𝒔𝒆𝒓𝒗𝒐𝒔 =  𝒄𝒆𝒏𝒕𝒓𝒆 𝒂𝒏𝒈𝒍𝒆 −  𝑷𝑰𝑫     (5) 
  
 Setpoint (SP) is a parameter of a reference value or 
desired value. Present Value (PV) is the measured sensor 
reading value which is then stored to a variable, or measured 
variable that is fed back by the sensor (feedback signal from 
the sensor). Tuning parameters work to set the PID 
parameters (Kp, Ki, and Kd) as well as other parameters such 
as time sampling, setpoint determination, etc. 
III. IMPLEMENTATION 
The tests were performed to know the performance of the 
distance sensor and the robot. 
A. Distance sensor test 
To assess the distance between the robot and the wall, the 
SRF-05 proximity sensor was used. An observation using the 
SRF-05 proximity sensor was made using the STM32 
microcontroller pin. The following is the observations of the 
proximity sensor SRF-05.  
TABLE I.  COMPARISON TEST RESULT FOR SRF-05 
No Real 
distance 
(cm) 
Distance 
sensor 
 (cm) 
Error 
(%) 
Accuracy 
(%) 
1 12 12.4 3.33 96.67 
2 20 20.6 3 97 
3 50 50.2 0.4 99.6 
4 80 80.2 0.25 99.75 
5 100 99.8 0.2 99.8 
 
B. Overall system test 
The overall system test was carried out to determine the 
performance of the robotic PID controller based on the Kp, 
Ki and Kd parameters obtained from the robotic motion 
observations in the Hallway area. In this experiment, the 
robot will follow the right side of the track wall. 
 
Fig. 4. Track to test the robot 
On the track, the Robot is placed in the initial position (S). 
The arrow direction shows an illustration of the route the 
robot took during the testing process. Table 2 presents the test 
results with P = 5, I = 3, and D = 2 PID values and set-point 
12cm.  
TABLE II.  TEST RESULT OF THE ROBOT TO FOLLOW THE RIGHT WALL. 
Test No Amount of collision Time (s) Result 
1 2 40 Success 
2 1 50 Success 
3 0 60 Success 
4 0 70 Success 
5 1 80 Success 
 
IV. CONCLUSION 
Several conclusions can be drawn from the results of the 
research carried out in the course of this study, including the 
SRF-05 ultrasonic sensor has a high degree of accuracy in 
reading distance from objects in the form of walls with an 
average error of 1,436 cm. The use of the PID controller on 
the firefighting robot has made the robot's movements very 
balanced and able to make the robot run smoothly. The robot 
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moves to follow the right wall perfectly, even though the 
robot sometimes collides. When assigning values to the PID, 
a perfect value was not found when the setpoint value was 
changed. 
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